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(71) We, Ionakc Smelters Lm 
(N.PX.), a company incorporated under the 
laws of the Province of British Columbia, 
Canada, of 850 West Hastings Street, Van- 

5 couver, British. Columbia, Canada, do hereby 
declare the invention, for winch we pray mat 
a patent may be granted to us, and the method 
by wmch it is to be perf<mned, to be particu- 
larly described in and by me tfoHowing state- 

10 meat: — 

Has invention relates to a process and an 
apparatus for high enthalpy heat treatment 

■• and is specifically, but not exclusively, con- 
cerned with the winning df metals from ores 

15 in one or a pteatity of stages. 

The scope of this invention is necessarily 
very wide as the technique described herein 
is appHcable to the production of many metals 
and also to many other chemical reactions. 

20 Throughout tins specification and claims, by 
"high enthalpy thenrml environment" is meant 
an environment wherein an average tempera- 
ture in the genera! range 4000°C— S500°C, is 
maintained, for example in a high intensity 

25 plasma arc, in contrast to a glow discharge 
or a silent arc discharge (generally referred to 
as a non-transferred arc), or a "cold atom" 
reactor. A "high intensity arc" is in torn 
defined as an electric arc, with a tail flame, 

30 between at least rwo electrodes at least one of 
which includes carbonHoontaining material, 
which sac has a positive dectrkal resistance 
characteristic, mat is an increase in current 
is accompanied by an increase in voltage across 

35 the arc In one preferred embodiment, tins 
high intensity arc is obtained by an arc struck 
between two gnaphite electrodes which are 
overpowered so that the electrodes are at least 
partially vaporized and consumed. A "tail 

40 flame" is characteristic of a high intensity arc 
and such an arc in a anatomic gas wiS genanate 
temperatures of the order 400O— 850O°C with 
relatively low gas velocities compared with gas 
velocities in arcs of the "non-transferred" type. 

45 The higfo intensity arc condition can also be 



cfetained in other arrangements, for example 
an arrangement in which an anode is porous 
and a gas is supplied to the arc region through 
the pores of che anode. "*' 

There are many known methods for the 
production of mends from their ores, and a 
large number of them is pyrometadlnrgical in 
nature. Some metals are relatively easflywori 
from then* ores, for ramrpV copper and iron, 
while others are won with extreme difficulty, 
for example tmraum and zirconium. The ease 
of extraction is naturally reflected in the avail- 
ability and price of Hie metal As technology 
advances, the demand for metals .such as 
nicfahim, tantalum, zir c onium , and. titanium 
grows, and many efforts are therefore being 
made to extract those metals morew»om&y 

. .TV..., . 

According to the present invention in one 
broad aspect, there is provided a process for 
heat treating a non-gaseous material including 
providing a corusrofled atmosphere, establishing 
a ft ffi ^enthalpy therms3 environment (as 
hereinbefore defined) in said atmosphere by 
means of at least one high-mtensrry arc (as 
hereinbefore defined), the or each said arc 
having an elongated tail flame miming part of 
said environment, reeding said material in 
powder (form into said controlled atoosr/here 



for passage through, and with a sufficient 
residence tkne in, said environment to* affect 
the material by the heat merein, and allowing 
the material to pass from said 'environment 
througjh a cooling atmosphere to a collection 
zone. 

Said decflrodes .are preferably energised by 
ax., though d.c may also be' employed-. . 

Mvantageously, a plasma carrier -gas may 
be injected into said high enthalpy environ- 
ment, 

Said material may be suspended in said 
carrier gas for mtroduction into said high 
enthalpy environment. 

Preferably, the suspension of sail material 
in said carrier gas is injected onto a* low- 1 * 
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• intensity plasma to produce an at least par- 
tially looked scream of « i contamng sari 
suspended material before being antxooucwi 
into said high enthalpy environment. _ 

Said low-intensity plasma stream a prefer- 
ably introduced between a pan: <* JSfff 1 
electrodes, the gap between the dectroaes 
bdng supplied with a second earner gas. 

lie beat treatment of said material may 
produce one or more of ihe f ollowing chemical 
reactions: the conversion of metal oxides to 
metal; of metal oxides to metal hafcdes; of 
metal haKdes to metals; or the dissociation at 
complex minerals to simple compounds, and 
said material may be an ore, a concentrate, 
or a residue. 

According co another aspect of 4ne present 
invention, there is provided apparatus for 
carrying out the process set forth above, said 
apparatus inchiding a chamber for containing 
a controlled atmosphere, means for estabhsbing 
at least one high-intensity arc <as hereinbefore 
denned) to establish a higb-endialpy thermal 
environment in said atmosphere, means for 
feeding a non-gaseous material into aid en- 
vironment, and means pennftting the said 
material to pass from said environment 
through a coofing atmosphere to a collection 
zone, the or each said asrc being produced 
between spaced electrodes, there be^dectne 
power means for energising said electrodes to 
produce the or each said arc, at least one or 
the said electrodes including carboncontam- 
kg-materiaL _ , 

The apparatus may include means for cool- 
ing the material after its passage duuugh 
high enthalpy environment and prior to its 
entry into said collection zone. 

Said power means preferably includes an 
ax. power supply for energising said dectrodes 
to produce the or each high intensity ax dis- 
charge. , 

For stabilising said arc(s), there may be 
provided means for superimposing a high volt- 
age, high frequency, low amperage current on 

^Ttaslt v^be seen that in one percenter 
process of this invenrjan die high enthalpy 
tWmri environment may be established in a 
halogen or haKde containing atmosphere and 
plarinum-conaahnng ore in particulate form is 
muoduced through the arc to provide 
a chemical reaction making the pla tinum mare 
amenable to separation by known commercial 
techniques. In another specific process, the 
higi enthalpy environment is established in a 
reducing atmosphere and ore containing nickel 
and cobalt is inntroduced through the arc 
into the high enthalpy zone producing a 
chemkal reaction that makes the metals more 
amenable to recovery by commercial tech- 
niques. . 

Broadly, therefore, the present invention 
enables improved utilization of ores, since 
when ores or concentrates are iwrmaily pro- 



cessed for die extraction of the primary metal 
content, the gangue material which usuaBy 
consists of oxides and silicates of such metals 
as iron, aluminium and magnesium and which 
may constitute a higfc percentage of die total 
weight is recovered as a metatogjed slag or ' 
other form of waste residue. In the process 
described herein, increased amounts of mineral 
compounds, mend values and gangue minerals 
can be altered and reformed into pure stable 
compounds of araunercial value, for example 
A1,0„ MgO, amorphous Si0 2 or metallic Al 
and Mg in addition to the primary metal. 

The invention wiH now be described, by 
way of example only, with reference to the 
accompanying drawings in which: 

Figure 1 is a graph of typical arc discharge 
regimes, 

Figure 2 is a diagrammatic sketch of one 
** it of the apparatus used for the 



process ctf tthe present inventio n, 

Figure 3 is a diagram of a system incor- 
porating the apparatus shown in Figure 2, 

Figure 4 is a schematic flow diagram for 
the process of one preferred embodiment of 
the present invention, and 

Kgure 5 is a schematic flow diagram of the 
OTbodhnent of the invention shown in Figure 
4 with certain of the electrical requirements. 

As previously indicated, the present inven- 
tion is concerned with high enthalpy thernjal 
environments established by one or more hip 
intensity arcs. The various forms of arc dis- 
charge are substantially denned in Figure 1 
which is a aaagiammatie graph showing typical 
discharge regimes an relation to current density 
and pressure/field strength and which is based 
on the publication "Chemical Kinetics of Gas 
Reactions* by V. N. Kcmdraf ev, published by 
Addison and Wesley 1964. Such high intensity 
arcs are produced at very high current densities 
in contrast to a silent discharge, for example, 
which is produced at low current densities. 

Referring now to Figures 2—5, there is 
shown an arc furnace according to the present 
invention, together with some of the ancillary 
equipment associated with it. 

The furnace, shown generally at 1, com- 
prises a reaction chamber 2, preferably con- 
structed of a corrosion resistant material such 
as stainless steel, into which dectrode holders 
3 and 4 project through gas sealing rings 5 and 
ceramic insulating discs 6 located in a lid 12. 
Electrode holders 3 and 4 are preferably fluid 
cooled w inlets 7 and oumets 8, and depend- 
ing on the power supply contemplated can be 
fabricated nam any good decorical conductor 
such as tungsten, copper-tellurium, copper, 
aluminium or various combinations thereof. 
Electrode holders 3 and 4 are adapted to be 
adjusted both vertically and horizontally in 
order to maintain optimum electrode spacing 
during operation. Graphite dectrodes 9 -ere 
held in holders 3 and 4 by known means, such 
as damping or screwing, and during opemtion 
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a awn highrimensity arc 15 is generated 
between the tips of lie electrodes 9 to create a 
Mgh-en&alpy zone. The arc 15. has a tail flame 
16 which is characteristic . of idgh-inteiKay 
plasma arcs, achieved by overpowering (i.e. 
supplying excessive, power to) the dectrodes 9 
so that the tips df said electrodes at least pam- 
tiaHy vaporize, in a sdf-deamng operation and 
also provide carbon . which may ace as a 
reductant for the feed materials or may merely 
escape as an- oxide of carbon. Jfcas in the arc 
15 the elecprodes 9 are consumed; and the arc 
15 has a positive electrical resistance characterr 
te, as hereiribefore discussed. Graphite 
electrodes are -the, most . suitable for tins 
appHcatkm, but in certain circumstances other 
carbon-ajzteming electrode mater-fafe which 
would not contaminate or interfere with me 
described reactions could be used. 

Power is supplied to the electrode holders 
via power l ead s 10 and 11 (from a power source 
53 (Figures 4 and 5). Either a.c. or dx. power 
sources are contemplated by the .present inven- 
tion, depending on the type of material being 
treated, and on die specific dectaode configura- 
tion and power supply available. In the 
emlboxHment shown m Figure 2 an ax. supply 
was found suitable, and was conveniently about 
55 vote and 1150 amps at 400 Hz. With this 
power supply it was found that oMcuMes 
encountered in maintaining a stable arc at a 
suitable electrode spacing for the inrjcduaion 
of feed couM be at least partially overcome 
by superinapoamg a high voltage, low amper- 
age, high frequency current on the rmw> power? 
supply. Typically, a 6 k W 5mHz current may 
be employed. Alternatively, or addMonally, at 
least a portion of a carrier gas may be pre- 
ionized bdSore passing between ihe main 
dectrodes 9, thereby ensuring a continuous 
conducting path for the main power supply, 
The said carrier gas 5s conveniently pie-ionized 
in a pre-ionizing unit 14 also mounted in lid 
12. In Figure 2 mis unit 14 is shown above 
electrodes 9 for convenience^ bait it wiH be 
appueaated that this furcate may be operated 
in a horizontal piane as well as in a vertical 
plana 

Hie pre-ionizing unit 14 comprises an 
earthed confined head 17 mounted through 
ceramic disc 6 and equipped with external 
water cooling co& 18. An annular water 
cooled electrode 19, preferably of isungsten, 
forms the lower end of control head 17. An 
electrode 20, also preferably of tungsten, is 
mounted in a holder 21 vertically above the 
annu&s of said dectrode. 19, and is eo^npped 
wim a height adjusting knob 22 winch is 
adapted to rotate holder 21 in die threaded 
portion 23 to adjust the position of electrode 
20. Power is supplied to dectrcde 20 via a 
lead 24 from a power supply (not shown). An 
arc is struck in operation between dectrodes 
19 and 20 and a gas, ptreferably bar not essen- 
" an inert gas, is passed! throng the arc 
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zone 25 from inlet 26 generating a low inten- 
sity plasma 30. Argon or nitrogen, are particu- 
larly suitable gases m the pre-ionizing;ujrit 14* 
Fhrid cooling is provided to dectrcde 19 via 
inlets 27 and oudets 28. ^When the arc zone 50 
25 is stabilised, a caarietr gas' is mrrodoced to 
the pie^onizmg plasma 30 via Mas 29. The 
prwonized gas stream 30 is focused above the 
main electrodes and the partially ionized gases 
are carried into the main high intensity arc C-Z5 
1 5 generated between the tips of the electrodes 
9. When the pre-ionizing pfasma .stream 30, 
the maan arc 15 and the tail flame . 16 are 
stabilized, the ore ifeed is started and me ore 
is introduced into the furnace or chamber via 3$D 
inlets 29 mixed with a high intensity pflasma 
carrier gas, which may be inert but is more 
usually a reaotant gas such as natural gas, air 
or hydrogen. Ore, or other powdered reactants, 
is stored ina feed hopper 31 which is provided 3£ 
with a feeder 57 (Figure 5) which may be a 
rotary valve device 32 (Figures 3 and 4), to 
draw feed material from the hopper at a 
steady, controlled and predeterrnined rate. 

After passing through (the pre^iomzed low 3fo 
intensity plasma 30, the mam arc 15 and the 
tail, flame 16, the reactants are cooled in the 
reaction chamber 2. Cha mbe r 2 tnryrfr»< a 
para&d side portion 35 and a teto-conical 
tapering section 36 with an outlet 37, and may <S> 
include extmffri and internal conffG&kd cod- 
ing means such as water sprays or gas coolant 
jets (not shown) to control the temptr a tttre at 
various levels in the reaction chamber. It is 
necessary that the reaction chamber shall be 100 
of sufficient volume to contain the plasma tan* 
flame 16 and to permit sufBdent residence 
time co complete the reactrons, and to effect 
a sufficient degree of cooling. A high efficiency 
wet scrubber 38. (Figure 3) may be connected K>5 
directly to the outlet 37 of the reaction 
chamber. This scrubber has the threenfold 
purpese of removing heat from the effluent, 
both gaseous and solid, collecting solid pro- 
ducts and taking into solution soluble products HO 
of the chemical reactions. Optaanahy an addi- 
tional coHecrion circuit mdnding a magnetic 
separator (djagxammatically indicated at 40) 
and a. baghouse 42 may be employed. " 

In the embodiment shown in Figures 2 and 1'K 
3 a single pair of dectrodes as employed, but 
h will be appreciated by those skilled in die 
art that a plurality of dectrodes may be 
emrioyed. Basically the operation of such 
embodiments is she same as mat of Figures 1^0 
1 and 2 and may be operated on a.c or d.c. 
power supply. 

In operation, feed material such as an ore 
te prepared by reducing the pemfcie size to 
about 100% through 30 mesh, by any of the 125 
smndaini ore dressing techmques and followed 
by complete drying. 

The prepared feed is stored in the feed 
hopper 31 having a uniform controlled dis- 
charge rate, metered through a system of 130 
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rotajy waives 32 or similar devices which terve 
as a gas seal *o prevent blow-back of farnace 
gas, and then (tooted to a mixer device 34 
where it is mixed with a earner gas which 

5 enters via Met 33. The carrier gas may be 
relatively inert, for example, nitrogen or argon 
a? it may be one of the reactams for example, 
chlorine, carbon monoxide, as or oxygen, 
depending on the desired reactions. In the 

10 en&odiments of flhe apparatus shown in 
Figures 2 and 3 die feed and earner gas are 
injected via inlets 29 into the plasma stream 
30 produced by the prc-iomang unit 14 which 
conveniently is an ax. plasma torch typically 

15 generating a flame about 1/4" in diameter 
and 1" long with a 10 KW power supply. 

The feed materials are thus suspended in a 
partially ionized gas stream which is dien 
directed into tie high enthalpy tfiermai en- 

20 vironment off main arc 15 and tail flame 16, 
produced by over-powering graphite electrodes 
9 winch are connected to a 400 cycle ax, 
power souax (not shown). It has been found 
that the prenionized gas stream fe desirable 

25 to maintain an electneal path between the 
graphite electrodes, but mat if the electrode 
spacing is increased, for example in order to 
increase the feed, the circuit may be broken 
and the arc extinguished. In order to prevent 

30 this and to ensure continuous operation of the 
arc a five megacycle c urren t from an oscillator 
may be connected across the graphite elec- 
trodes 9. Tins high voltage, low amperage 
current provides an ever present ionized path 

35 across the electrodes for the 400 cycle current 
Alternatively, a relatively low voltage direct 
current may be applied across electrodes 9 in 
which case the superimposed high freojiency 
current as unnecessary to prevent extinguish- 

40 ment of the arc Other memods for stabilizing 
the arc will readily suggest themselves to mose 
skilled in the art. Power input to electrodes 9 
can vary over a wide range and dectrode 
chametan may also vary with the power input 

45 in order to niaantam a high current density at 
the dectrode face, sufficient to produce a posi- 
tive resistance characteristic on the main arc 
15. When multiple electrodes are employed, 
pie-ionizing of the carrier gas and prehearing 

50 df the feed may not be necessary and (therefore 
in some cases the pre-ionizing unit may be 
omitted Similarly it may not be necessary to 
apply a superimposed current on the main arc 
current in order to stabilize the arc 

55 As those skilled in the plasma arc art will 
readily appreciate, the tail flame generated 
in a high intensity pJasma torch using con- 
sumable electrodes can be up to 18 inches tog 
at 50 KW or even longer, depending on the 



power available and may be as hot as 8,000- 60 
10,000°C at the base. The flame is of rela- 
tively low velocity and therefore it is possible 
to obtain excremely long retention times for 
materials passed through the flame. Further- 
more, the degree of ionization in the tail flame 65 
of a high intensity plasma may be as high as 
10—40% in contrast m a low intensity arc 
where the ionization rarely exceeds 5%. In 
this highly energetic state the free ions re- 
combine according to the normal laws of 70 
kinetics and thermodynamics to seek the 
lowest energy state. Some reactions may take 
place in the very high temperature plasma 
zone but others may take place as the reactants 
cool below the dissociation temperature of the 75 
desired product on leaving die high enthalpy 
zone. In many instances the free metal may be 
produced, while in omens, from complex start- 
ing materials, simple metal compounds are 
produced which can then be extracted by 80 
standard pyrometallurgical or hydrometal- 
lurgical procedures. In yet other cases, a metal 
ccmpound may be formed which is amenaWe 
to a farther treatment througi the plasma zone 
under a dhferent processing envir onm ent to 85 
produce the free metal in a two stage process, 
The plasma tail flame from the high inten- 
sity arc is directed into the reaction and cooling 
chamber 2 where controlled coohng c an be 
achieved by means of external <tf internal waier 90 
sprays {not shown), coohng gas jets or other 
means. Many desired reactions have been 
found to occur when the reactants have cooled 
to about 2000°F, but this uanyetatuie is 
entirely dependent on the particular reactants 95 
and, as indicated previously, cooling is not 
essential in ail cases. The furnace products, 
bom solid and gaseous, pass directly from the 
reaction chamber and, as more clearly out- 
lined in Figures 4 and 5 which are flow 100 
diagrams of the process, can be collected in a 
series of wet scrubbers and other conventional 
dust effecting enuipmenL The solutions and 
solids recovered from the gas handling system 
are processed for the recovery of metal values 105 
as refined metals or marketable compounds by 
conventional metallurgical techniques. 

Example 1 
hi the series of tests reported here a Leach 
Residue from Shnnritt-Gordon Mines Ltd. was 110 
used as die caw material. This residue is a 
relatively complex waste product resulting 
from pressure leaching a Ni-Co concentrate 
and which stiH contains combined ^ nickel and 
cobalt values in a form not previously con- 115 
sidered recoverable. 
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Table 1 

Representative Head Assay of Leach Residue 





[Til) 




Cobalt 


(Co) 


0.19% 


Copper 


(Co) 


0,13% 


Iron (total) 


(Fe) 


47.48% 


Sulphur (total) 


. (S) 


10.57% 


Carbon 


(Q 


2.35% 


Acid-Insohibles 


(SiO E etc) 


21.90% 



Prior to each test run, die furnace, (as shown 
in Figure 2), dust collection units and all 
internal surfaces were thoroug&y cleaned to 

5 prevent contamination and ensure standard 
condition. The feed material was weighed into 
the feed hopper 31. The 400 Hz a.c genera- 
tors 53 (Figures 4 and 5) for the pre-iamzkg 
and main units were started and synchronized, 

10 The pre^onizing unit 14 was then started 
usually- employing three ctf the 400 Hz genera- 
tors and using argon gas as the pQasma 
medium. When mis operation became stank, 



the main ionizing unit was started usually 
employing seven of the 400 Hz generators and 
using air, nitrogen or hydrogen as she plasma 
and reactant gas. As soon as the operation 
stabilized, the (feeder 57 was started and 
operated at a predetermined rate until the 
hopper 31 was empty. Upon completion of the 
run, aM dry marmab were collected from the 
entire apparatus, sampled and weighed and the 
scrubber solution volume was measured. The 
solution was allowed to settle overman: and 
the solid material was separated by 



Test 1 


Peed processed 


— 4540 grams 


Feed rate 


— 454 grams/minute 


Gas On py^^fliyffiHg iniif 


— Argun at 10 S.CFJL (approx.) 


Gas on main arc 


— CH 4 (natural gas) at 150 S.GF.H. 


Power Input 





Table 2 

Furnace Products Reclaimed by Bag Filter 
Approximate Metallurgical Balance 



Material 




Fe 


Ni 


Co 


S 


Insol 






% . 




% . 


gt- . 


% 




% 


ST. 


% 




Feed. 


4540 


42.9 


1948 


0.75 


34 


0.19 


9 


11.7 


.531 


17.7 


804 


Total 

Prod; 
± Unac- 
counted 


3859 
681 


47.5 


1834 

-114 
i- 


0.85 


33 
—1 


0.19 


7 
—2 


10.7 


413 
-18 


21.9 


844 
+40 



15 



20 
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The solid furnace products reclaimed in the 
bag filter were carefully sampled and 50 grams 
were leached for 16 hours at room tempera- 
ture in an open botde with 100 ccs arnmonrcm 
hydroxide (28% NH,) and 25 gms. aanonwm 
carbonate. This treatment showed that 66.6%. 
of the nkfcd based on the feed assay could be 
extracted from the processed material by a 
simple leaching step (no pressure). It will be 
remembered that the starting material is a 
nickel pressure leach residue and therefore 
that above result is extremely favorable and 
indicates that passage through the high 
enthalpy zone has achieved an extensive 
sotabiHzation of the nickel values in the 

Operating Data 



pressure leach residue. As a double check on 
the efficacy of the treatment, similar leaching 
tests were performed on the pressure leach 
residue and under the best laboratory condi- 
tions it was found that any 237% of the 
nickel could be saksbiHzecL 

Further tests were conducted to determine 
tie effects of other reactants as listed below: 



Test 2 

This test was p erf or med to ascertain 
whether the nickel values could be chlcrinated, 
and rather than employ chlorine gas in the 
plasma zone, sodium chloride was added to 
the feed materials. 



20 





Feed processed 


— 8172 grams (includes 2 .5% Nad) 




Feed rate 


— • 450 gr./min. 




Gas on pre-ionizing unit 


— Argon at 10 S.CF.H. 




Gas on main arc 


— Nitrogen at 150 S.GF.H. 




Power on main arc 


— 50 volts, 1150 Amps,, 400 Hz 



Furnace products discharged directly to scrub ber Results (see Table 3) 

Table 3 





~ "Teed" 


'Products ~ 




% Wt Gms. 


Slag 


Dust 


Scrubber 
' Solids 


Scrubber 
Solution 


Gas 


Unbalance 


Fc 


41.3 


3375 


446 


610 


2238 


92 




11 


Ni 


.79 


65 


8 


13 


35 


5. 




— 4 


Co 


.16 


13 


1.45 


2.18 


8.34 


.9 






Cu 


.05 


4 


1 


1 


NJL 


.5 




-2 


S 


11.24 


915 


58 


92 


433 


170 


162 




Na 




109 


10 


15 




88 




4 


ci 




167 




N.A. 




162 




-5 


Remainder 




3524 


384 


624 


2047 


356 


162 


49 






8172 


909 


1357 


4761 


874 


324 


53 



tL™ rh^P resets k can be seen that about jectcd *o an ammonium hyctatide leach. A 

I^SSSS^Z^^^ uickd baknee "j^^f"** ft « 

35 h the scrubber as solids or as a dust at the treatment on the leadnag properties of the 40 

bottom of the reaction chamber. Each of the products, 
products was sampled and, as before, sub- 
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Nickel Balance 


Fraction 


Nickel in Grams 


Grams placed in Solution 
on leaching with NH^OH 


Sample 


65 


— 


Slag 


8 


.27 






2.14 : 


Solids 


.35 


2.10 


Solution 


5 


5.oi : 


Gas 






Unaccounted 


.4 






65 


9.52 



Placed in Solution— 15*% 
Placed in solution by ammonium leaching from 
entreated head sample H — 8— 26% 

In this case the piriariar NaG treatment 
did not make the nickel vahies in (the residue 
signiftantly more excractable fay a simple 
leaching technique. 

Operating Data 



Tjsst 3 

A further test was conducted 'employing 
hydrogen as the treactant gas in die main -arc 
unit No chlorine was added to afce atmosphere 
in dus case. 
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Feed processed 


— 5618 gms. 


Type 


— Sherritt Gordon Residue 


Feed rate 


— 490 gnis./min. 


Gas on pre-ionizing unit 


— Argon at 10 S.GFJL 


Gas an main arc 


— Hydrogen at 150 S.CFJL 


Power on main arc 


— 55 Volts, 1150 Amps. 



RESULTS (See TaWe 4 overleaf) 

It will be noted that once again a consider- 
able proportion of the feed material was so 
severely affected by passage through me arc 
that it was transformed into a gas of parades 
so fine that it was not retained 5n me recovery 



system. Applicant considers this a most sur- 
prising and significant feature. After passage 
through the arc zone the various products were 
recovered from different paras of the ccjuap* 
mem and subjected to an ammonia leach with 
the following results: 
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Fraction 


Nickel in Grams 


Grams placed in Solution 
by ammonia leach 


Head Sample 


47 


12.31 gms. = 16.19% 


Slag 


2.78 


.49 


Dust A 


20.97 


3.69 


Dust B 


9.65 


1.65 


Fume 


3.90 


.73 


Solution 


.12 


.12 


Solution Solids 


.16 


.02 


Unaccounted 


9.42 


9.42 




47.00 


16.12 = 34.26% 



As the head sample shows amy 26.19% of residue material Such result is of course 
i is* nv^j >w on rmtffrnr on the assinnooon tnat tne 



the nickel values can be l ec o vered by an 
ammonia leach and up to 3426% may be 
r eco v erable • following the arc treatment; the 
arc {treatment may produce increased solubil- 
ization of the mckd in the pressure leach 



tingent on the assumption ^ that i3ie '"un- 
accounted" portion is in fact in the form of a 
gas which could be easily treated ff a more 
elaborate recovery system, designed to catch 
gases, were employed. 
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Silica 


(SiOJ 


33.13% 


Iron 


(ft) 


24.05% 


Lime 


<C»0) 


5.42% 


Magnesium Oxide 


(MgO) 


5.57% 


Alumnus 


(AW 


7.35% 


Sulphur 


(S) 


Trace 


Sodium Oxide 


(Na,0) 


3.75% 


Gold 


(Au) 


0.11 oz ton/ 


Platinum 


(Pt) 


0.7 oz/ton 



This sample was loaded into the feed hopper 
together watfc a 10% addition of NaQ 
designed to provide sufficient chloride ions 
for the desired reaction. Alternatively, dbtloruje 
carrier gas could be used. 

The pre-ionizing plasma 30 was started by 
striking an arc between decnodes 19 and 20 
using about a 10 kW a.c power supply from 
3 moan* generator sets 53. Argon was a&mtted 
under pressure via inlet 26 as the prc-ionizing 
plasma gas. When the prc-ionizing- plasma arc 
was stabilized air was admitted via inlet 33 
and inlets 29 and the main arc 15 was struck 
between electrodes 9 using a 5 5 vofc 1 1 50 amp. 
400Hz ax. power supply from 7 motor gener- 
ator sets 54 via an isolating transformer 55. 
A Hffi voltage, low amperage, higfr frequency 
dternating current of 5 mHz from an osalktor 
56 was superimposed on the main power 
supply in order to stabilize the arc When the 
whole system had snabfliyrri, the {feeder 57 on 
the hopper 31 was started and tbe precious 
metals containing material was fed through the 
rotary valve 32 to The mixing device 34, where 



it was intimately mixed with the suspending 
carrier gas (air), from inSet 33, and carried 
to inlets 29 and thus injected mto the arc zone 
30 where the solid feed material and the 
carrier gas, in thas case as*, were raised to a 
high energy level The gas and solid flow was 
then passed between electrode tips 9, winch 
were adjusted to permit maximum passage of 
material without extinguishing the arc It was 

. found that a feed rate of 330 &ns./wxL could 

. be achieved with an electrode spacing of 1/4 
and a power supply of 60 kVA 400Hz when a 
6 kW 5 rnHz superimposed cusrat was 
applied- The soBd materials, suspended in die 
reaction gas were at teast partially dissociated 
in their passage through the high intensity zone 
and tail flame plasma stream 16, and were 

■ permitted to cool in reaction chamber 2 to 
enable the chemical reactions to take place. 
Some cooling gas was injected into the reaction 
chamber to effect control of the temperature 

* within the chamber. Hie products of the re- 
action were recovered frcm the conventional 
scrubber 38 and were assayed as follows: 



30 



35 



40 



45 
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Slag 



Dust 



Scrubber 
Solids 



Scrubber 
Solution 



Silica 

Iron 

Calcium 
Oxide 

Magnesium 
Oxide 

Alumina 

Sulphur 

Sodium 
Oxide 

Gold 



(SiO,) 
(Fe) 



.30.18% 
29,51 



30.42% 
28.25 



38.93% 
25.11 



86p.p.m. 
45 



(CaO) 


5.20 


5.12 


4.72 


21 


(MgO) 


5.47 


5.52 


5.86 


25 




6.20 


4.40 


6.75 


132 


(S) 


0.61 


0.86 


1.31 


195 


(N fll O) 


2.50 


3.68 


1.25 


430 



0.08 



cc, expressing these figures as 



of product recovered in each section: (see Table 5) 
Tabu 5 





Feed 


Products 








Slag 


Dust 


Scrubber 


Scrubber 


Gas & Un- 






% 


Wt Gms- 


Pulp 


Solution 


Balance 


% Missing 


Fe 


24.05 


921 


67 


177 


113 


9 


558 


60.3% 


SiO* 


33.13 


1258 


69 


m 


175 


8 


826 


65.1% 


CaO 


5.42 


208 


11 


32 


21 


3 


141 


67.8% 


MgO 


5.57 


213 


12 


34 


27 


3 


137 


64.3% 


Al a 0 8 


7.35 


286 


14 


28 


31 


15 


198 


69.2%- 


Sodium 




160 


4.3 


17 


5 


64 


69 


45.1% 


Chlorine 




246 




NJL 




13D 


116 


47-2% 


S 


Trace 




1.4 


5.6 


5.9 


39 


52 




o* 




351E 


19E 


71E 


43E 


78E 


140E 




Unknown 




177 


29 


70 


29 


3 


46 




Platinum 




3830 

0.09183gms. 


22T 


638 


450 


iiT 


2163 




Gold 




0.0144gms. 








0.06gms. 
O.Ologms. 
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It will be appreciated from she results of 
mis test that significant changes have occurred 
daring the passage through the bdgji intensity 
zone. A small amount of slag from ^chafl 

5 volatile chlorine has been removed is produced 
together with a quantity of dust which repre- 
sents material which did not go through the 
high intensity zone or at least was not 
markedly affected. Due to me design of the 

10 equipment a certain amount of dust resulted 
mom material which bounded off the electrodes 
and did not fall through the high mtensity 
zone. The scrubber pulp represents maternal, 
which is insoluble but is sufficiently coarse to 

15 be caught in the scrufeber, is primarily the 
residue from sflieate sands cf ufce feed. The 
scrubber solution represents material which has 
gone through the arc and has sohijaKzed. It 
will foe noted that a very large percentage of 

20 me feed chlorine appears in the scn&ber solu- 
tion, and hence it may be said that consider- 
able ehlorinarion of die sands has cccomd. 
It will be further noted that me precious 
metals, gold and platinum, occur in the 

25 scrubber sotetion. Gold is, in feet, present to 
the extent of in excess of 100% of die assay 
of me initial feed rnaterial, a discrepancy which 
may be f»pfafaarf by maccurades at tendant 
on die assay procedure. Platinum appears in 

30 an amount corresponding to 65% of me 
platinum in the feed assay and applicant con- 
Sders «his significant evidence mat there has 
been a selective cMorination of tie predous 
metals on passage through the arc A consider- 

35 able volume of gas was generated m the re- 
actions and it wffl be observed mat there is a 
considerable unbalance of me output when 
compared to tfhe input. Tins unbalance is 
etmer a gas or very finely divided P^maes 

40 produced in me arc which are not tra pped by 
the scrubber and are lost in me CJchtat^^stem 
This may be rigmficaait when it it appreciated 
that ahe relatively coarse feed materials have 
been reduced to a dimension too small to be 

45 trapped in a relatively efficient gas scrubbing 
system Qeady severe changes have been 
effected. 

The most significant result of the above test 
is the irafacarion that me precious metal values 

50 in me tested alluvial sand wruoh heretofore 
were difficult to recover have been converted 
from insoluble to soluble form in the presence 
of large amounts of iron and other metals m 
the ore on passing through the described 

55 apparatus. , , . 

In ccradering the test results obtamed m 
aH of die above tests it wiH be appreciated 
that a new and highly useful method of treac- 
ing ore has been developed. By mis process 

60 nickel in commercially attractive amounts has 
been recovered from residues which have been 
previously treated by the most efficient means 
known to metallurgists at ?She piesent tune, 
namely pressure leaching for the extraction of 

65 nickel. Similarly, precious metals (gold and 



platinum) have, by passing the host material 
through a highly enthalpy environment warn 
NaO as a sdected reaccant, been pat into a 
form (water soluble) much more ; amenable 
to recovery by conventional means man would 70 
foe die case if the same host material were to 
be processed by the normal metallurgical 
techniques. At the same rime, other metals 
present in the host material as complex heavy 
minerals, and having commercial value are 75 
also made recoverable. In addition to these 
recoveries the present process can be applied 
to many other metallurgical reactions, such as 
those enumerated hereinabove. 

80 

WHAT WE CLAIM IS:— 

1. A process for heat treating a non-gaseous 
material including providing a controlled 
atmosphere, establishing a high enthalpy 
thermal environment (as hereinbefore defined; od 
in said aanosphere, by means of at least one 
high-4ntenshy arc (as hereinbefore defined), the 

cr each said arc having an elongated tafl flame ; 
formtogpanof sddenvircOT 
material in powder form into said controlled 90 
atmosphere for passage through, anl with a 
sufficient residence time m, said environment 
m affect me material by the heat dierein, and 
allowing the material to pass from said en- 
vironment through a cooling atmosphere to a 95 
collection zone. . 

2. A process as claimed in daim 1 wfaerem 
said rnaterial is passed througi ^ environ- 
ment substantially along the longitudinal axis ^ 

3 A process as dadmed in either preceding 
daim wherein the or each said amis estab- 
lished between more than two electrodes.^ 

4. A process as claimed m any preceding 
daim wherein each electrode is made of a 105 
carbcn<omaming matenffl 

5. A process as claimed in any preceding 
daim wheoein said ekctrodes are energised by 
aberrating current m 

6. A process as ctened m any preceding nu 
claim wherein a plasma earner gas is injected 
into said high enthalpy environment . 

7 A process as chimed in claim 6 wnerem 
said material is suspended in said carrier gas 
for introduction into said high enthalpy en- 115 

viroranent • __i • 

8. A pr oms as claimed in daim 7 wherein 
the suspension of said material in said carrier 
gas is injected into a low-intensity plasma to 
produce an at least partMly ionised ftrcamof 120 
gas containing said suspended material before 
being mtrodnced into said high enthalpy 
environment # 

9. A process as daimed m any m claims b 

to 8 wterein said earner gas is selected so as 125 
to take part in a chemical reaction with the 
material introduced into sadd high enthalpy 
environment b 

10. A process as claimed in claim 8 or ? 
wherein said low-intensity plasma stream is 130 
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produced between a pair of spaced electrodes, 
tire gap between die electrodes being supplied 
with & second carrier gas. 

11. A process as clrfmrfd in claim 10 
5 wherein said second carrier gas is an inert 

gas. 

12. A process as claimed in any of claims 
9 to 11 wherein the fra-mea&oned carrier gas 
is or includes a halogen, or a haKde, or hydro- 

10 gen, or oxygen, or ntogen, or rafcmd gas or 
air. 

13. A process as claimed in any preceding 
claim wherein the heat treatment of said 
material produces one or more df the Mow- 

15 ing chem&eai reactions: ttoe conversion of 
metxd ozides to metal; of metal oxides to 
metal halidfes; of metal ha&fes to metals; or 
die dissociation df complex minerals to simple 
compounds. 

20 14. A process as dammed in any preceding 
dafm wherein said materia!! may be an ore, 8 
concentrate, or a residue. 

15. A process as claimed in daim 13 or 14 
wherein a desired mead or metal compound 

25 is separated from other compouacfe produced 
as a tesok of the passage of the flowaWe 
material throng) saM high enthalpy environ- 
ment. 

16. A process us Harmed in any preceding 
30 claim wherein said material contains nickel 

and is subjected to an leaching 
operation after h has passed "riirough said col- 
lection zone. 

17. A process for heat treating a non- 
35 gaseous materia substantSaSy as hereinbefore 

desdnfced in the Examples. 

18. A process for heat treating a non- 
gaseous material substantially as hereinbefore 
described wi£h reference t&o and as shown in 

40 Figures 2 — 5 of the accompanying drawings. 

19. Apparatus for carrying out the process 
daimed in claim 1, said apparatus mdnding a 
chamber (for containing a controlled? acmos- 
pnere, means for cstabfashing at least one high- 

45 intensity ere (as hereinbefore defined) to 
estabhsh a hig^neathalpy thermal enviromnent 
in said atmosphere, means for Seeding a 
material in powder form onto said environ- 
ment, and means petonmng ifre said material 

50 to pass from said emdronment through a 
codKng atmosphere to a txiileeiSon zone, the 



or each said arc being produced between 
spaced electrodes, there bang electric power 
means for energising said dectrodes to proctee 
the or each said arc, at Jeast one of afce 
said electrodes mdurlng cailc<a-conminmg 55 
material. 

20. Apparatus as claimed in claim 19 
wherein the feeding means includes a first 
passage for introducing partioulare material 
into said said chamber and a second passage 60 
for introducing into said chamber a carrier 

gas for conveying said particulate materiaJ 
along a flow path through said environment 

21. Apparatus as claimed in rigim 2D 
wherein there is a pre-ioniser fan ait least par- 65 
taally ionising materia! mtroduced through said 
passages prior to entry into said mgft enthaipy 
errraonmeriL 

22. Apparatus as claimed m any one of 
claims 19 to 21 wherein means for cooBng the 70 
material is provided f dr ccolmg the material 
after its passage Through said high enthalpy 
environment and prior to its enury into said 
cdEecrion zone. 

23. Apparatus as ctoimpd in any one of 75 
claims 19 to 22 wherein said power means 
includes an ax. power supply for energising 
said electrodes to produce die cfc each high 
intensity arc discharge. 

24. Apparatus as daimed in claim 23 80 
wherein the power supply ito die electrodes is 
such that they are over-powered and at least 
partially varxoisedL 

25. Apparatus as daimed in daim 23 or 24 
wherein stabilising means aire provided for 85 
stabilising the said arc(s). 

26. Apparatus as claimed in dadrn 25 
wherein said stabilising means includes the 
superimposing of a high voltage, high fre- 
quency, low amperage oarrent on She power 90 
supply. 

27. Apparatus as daimed in any of H^w 
19 to 26 substantially as hereinbefore described 
with reference to and as shown in Figures 2—5 

of the accompanying drawings. 95 

J. MILLER & CO, 
Agents to the Applicants, 
Chartered Patent Agents, 
262 High HoBsorn, 
London, W.C.1. 
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